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Synopsis		


Plastics have become part and parcel of our everyday life and the plastic industry has emerged as a rapidly expanding industry in the past several decades. Approximately 40,000,000 tones of plastic packaging is used annually world wide, and a majority of this is put to one time use and is discarded later. This contributes to an appreciable amount of total waste stream (around 20% volume world wide) and in India its contribution is approximately 3 million tones. The treatment of waste plastics has become a serious problem because of the difficulty of ensuring reclaimed land and burning by incineration. The industry is now facing ecological and legislative issues for handling plastic raw materials and finished products. Their total non-biodegradability as well as an increased environmental consciousness by the consumers and Government bodies has paved the way to look for alternate approaches. Also due care is necessary not to deteriorate the environment by using non-biodegradable and non-recyclable materials. This development has for the best part led to focusing on alternative packaging films derived from natural biopolymers which are replenishable and completely biodegradable under a variety of ecological systems. Biopolymer films are generally prepared by using biological materials such as polysaccharides, proteins and their derivatives, which are naturally and abundantly available. Natural biopolymeric films have the advantage over synthetic biopolymers since they are totally biodegradable and are derived from renewable raw materials. They can be used effectively as an alternative to synthetic plastics. Biopolymeric films have also desirable overall mechanical and barrier properties.
 
Food packaging is an important discipline of food technology concerned with the protection and preservation of all types of foods from oxidative and microbial spoilage. The petroleum based synthetic thermoplastic materials, currently being used extensively, may gradually loose importance as packaging materials because of waste disposal and non-biodegradable problems, and as a consequence threat to the environment. As an alternative, interest in the study of biodegradable packaging films has increased steadily during the past decade. Although it is not feasible to entirely replace synthetic plastic packaging films, the biodegradable films do have potential to reduce and replace plastic packaging films in some specific applications. A clean pollution free environment is the need of the day.

	Polysaccharides such as cellulose and starch (derived from agricultural resources), chitin/chitosan (derived from marine food processing wastes) and pullulan (from microbial sources), either in their native or modified forms, as well as their blends have the ability to form films. Bioplastic consisting of synthetic monomeric or polymeric materials, graft copolymerized with natural biomolecule are also shown to be useful as biodegradable packaging materials. Use of certain additives such as plasticizers, antioxidants and antimicrobials will enhance their functional value to a great extent. Use of chitosan and its derivatives in such applications has the additional advantages of being biocompatible and antimicrobial.      
  
        Chitin, a naturally occurring and abundantly available polysaccharide obtained form crustacean wastes, consists mainly of  (1-4)-linked-2- acetamido-2-deoxy-D-glucose units. Chitosan is obtained from chitin by N-deacetylation using strong alkali. The cationic property of chitosan offers an opportunity to take advantage of its electrostatic interaction properties. Chitosan films are used in the separation of ethanol from water by evaporation, water purification, and controlled release of pharmaceuticals, but has been reported to have limited application as far as packaging film is concerned.  Therefore, it was felt desirable that a study be initiated to evaluate the properties of chitosan film prepared under different drying conditions and to modify the films by incorporating various additives and to look for their application to storage studies of fruits, vegetables, dairy and bakery products, and also to study their antimicrobial properties. With these objectives in mind, work was carried out and the results obtained are consolidated in the form of a thesis having the following layout.
  Chapter 1

This chapter provides a General introduction of the subject matter, with reference to problems due to non-biodegradable plastics, different ways of handling these plastics and different   sources of biodegradable plastics. The main focus is on occurrence and distribution of chitin/chitosan, their chemical structure, physicochemical properties, and application in various fields including food, medicine, agriculture and industry. Emphasis is given on the preparation of chitosan-based films and their application to shelflife extension of fruits, vegetables and other products. Finally, the Aim and Scope of the present investigation are indicated.

Chapter 2

This section includes a brief introduction on the preparation of chitosan films, with a detailed account of characterization of chitosan samples from two different sources. Chitosan sample (CH1) is of molecular weight 1,00,000 Da with Degree of deacetylation (DD) of 83%, whereas chitosan sample (CH2) is of molecular weight 2,00,000 Da with DD >90%. Chitosan films were wet casted on different base materials such as glass, Teflon, aluminium sheet, stainless steel sheet and polyester sheet for easy peeling off from the base, of all the polyester base gave the best quality of film. Chitosan films were prepared by using different (solvent) acids such as acetic acid, lactic acid, formic acid and propionic acid and their properties studied. Formic acid cast film had a higher tensile strength (48.34 ± 4.28 MPa) and lactic acid cast films had the lowest value (21.9 ± 4.2 MPa). On the other hand, chitosan films prepared using acetic acid showed easy handling and good film properties. Chitosan films were prepared under different drying conditions, such as ambient drying, oven drying and infrared drying. The results showed IR drying to be faster and superior in preserving desirable functional characteristics of chitosan films. Though subtle variations in the crystallinity pattern were observed between differently dried chitosan films, no significant differences were observed in their mechanical and barrier properties. Typical drying curves were been obtained for films dried at different drying conditions, and their kinetic constants determined. The sorption curves of the films showed a sigmoid shape and WVTR of the films showed an increase with higher relative humidity. The tensile strength (TS), percent elongation (%) and modulus of elasticity (ME) of films were studied at different RH, temperature, and storage period using response surface methodology.  Simultaneous optimization by desirability approach resulted in an overall desirability score of 0.8429, where in TS, % and ME values were 35.79 MPa, 19.86% and 896.73 MPa and these values were obtained when the independent variables such as temperature, RH, and storage days were 20.1°C, 40% and ~7 days, respectively. Lastly an attempt was made to fabricate a prototype model for continuous preparation of chitosan film under infrared drying condition.

Chapter 3

This chapter describes blending of chitosan with polyols (glycerol, sorbitol and PEG), fatty acids (stearic acid and palmitic acid) and a water-soluble polymer, PVA, before casting the films. The optical properties (colour density), mechanical properties (tensile strength, %, ME, tearing strength, burst strength and impact strength), barrier properties (WVP and OTR) were all determined. The chemical nature of these films was studied by FTIR, heat flow by DSC and changes in crystallinity by X-ray diffractogram.  The sorption isotherms of all blend films were studied and observed for validity of different models.   

 The result indicated that yellowness of the film increased with the addition of plasticizers. The opacity of film increased with the addition of PEG but no differences seen in glycerol and sorbitol added films. TS decreased to 6.08 and 6.24 MPa in glycerol and sorbitol containing films respectively, whereas in PEG both decreasing and increasing trends were noticed. The ME also showed a decreasing trend. The Impact strength was increased with the addition of polyols. Burst strength of the film decreased with addition of glycerol and sorbitol, but in PEG an increasing trend with a value of (190 kPa) was observed.  The WVP of native chitosan film was 0.01322 g.m/m2.day.kPa. With the addition of glycerol the WVP decreased to 0.008 and in sorbitol it increased to 0.0163 g.m/m2.day.kPa. In PEG films it was 0.019 g.m/m2.day.kPa. The OTR values decreased with the addition of PEG, whereas with glycerol and sorbitol it increased to 98.01 and 141.14 x 10-6 cc.m/m2. day. kPa, respectively.  

DSC thermogram showed a difference in the ΔH values for various polyol containing films, ΔH values increased as glycerol concentration increased in the blend films.  Water capacities of the blend films showed different characteristics, glycerol showed a early evaporation at around 125 C with high ΔH values, compared to other two plasticizers.  X-ray diffraction of polyol blend films showed no significant differences.

With the addition of fatty acid the density of blend film decreased from 1.4024 to 1.2692 g/ml in palmitic acid and 1.4024 to 1.2585 g/ml in stearic acid blend film. TS of blend film decreased with the addition of fatty acid and no significant variation was observed in % elongation and modulus of elasticity.  The WVP results showed no significant differences. The FTIR showed hydrogen bonds between hydroxyl groups and water molecules to remain intact. The methyl and methylene stretching appeared at around 2918 and 2850 cm-1, which were attributed to amide stretching. The palmitic and stearic acid blend chitosan films showed melting peaks at around 63 C and 56 C, respectively, and noticeable water content were found in these films.    
  
The optical properties and TS of the chitosan-PVA blend films increased while %elongation decreased with increase in chitosan concentration and a blend ratio of 60-40 was found to be the best which had a value of 41.24 MPa. The burst and impact strength of the blend films increased with the addition of PVA. The increase in the impact strength was attributed to the chain flexibilities of the blend films. The WVP of films decreased to 0.006 g.m/m2.day.kPa. FTIR spectrum showed a characteristic peak shifting to a lower frequency range due to hydrogen bonding between -OH of PVA and –OH or NH2 of chitosan. The blending ratio showed a regression coefficient of 0.94.  DSC thermogram of chitosan-PVA showed endotherm around 140-160 C and 215 C. The exotherm peak of chitosan at around 300 C was diminished as PVA concentration increased due to overlapping of PVA endotherm.  X-ray diffraction patterns showed 2 peaks 11.92, 21.28 and 23.28, the latter was due to drying of chitosan acetate salts. The intensity of peak around 19 increased as the concentration of PVA increased. Moisture sorption isotherms showed sigmoid pattern, indicating the influence of polyols/fatty acid/PVA on the blend film. Sorption data were useful in choosing suitable packaging material having a desirable water vapour barrier property. The GAB model showed a better fit compared to other models and was applicable to a wide range of water activity values.  Chitosan blend films with polyols and fatty acids showed complete bio-degradation. 

Chapter 4

This chapter describes storage studies of fruits and vegetables, dairy and bakery products using chitosan film.  Shelflife extension of mango fruits was studied and compared with the sensory profile.  Control fruits were found spoiled in 10 days, whereas chitosan covered fruits showed better sensory quality.  The latter were observed with high levels of carotenoids, sugars, free from off-flavour and fungal growth compared to LDPE covered fruits. In PCA plot the chitosan-covered fruits showed several desirable quality attributes. At the end of storage period (20 days), the chitosan covered fruits showed better sensory quality than LDPE covered fruits. 

Tomatoes stored in chitosan covered cartons showed uniform colour development, free from off –flavour and retention of sugar level for more than 30 days of storage, compared to control fruits which had 15 days of storage, while LDPE packed tomatoes showed non-uniform colour development. Similarly, chitosan and LDPE packed bell pepper pods showed a shelflife of 16 days. The textural studies data showed that modified atmosphere packaged conditions can extend the shelflife of tomato and bell pepper, which are beneficial for sustainable fluctuating market availability associated with limited and seasonal availability.  No differences were observed in headspace gas levels during the storage period, while greater changes were observed in colour development and its retention. Changes in chemical parameters of stored fruits were very marginal. Sensory profiling indicated that synthetic film packaged fruits exhibited loss of typical aroma, while chitosan packaged fruits retained it.  Firmness and development of red colour and retention of green colour are the major factors in deciding the price and market value of tomatoes and bell pepper, respectively. The unpackaged fruits showed decaying symptoms at an early stage than the packaged samples, which indicated a beneficial role of chitosan films for extending the shelflife of bell pepper. 

  Dairy product (peda) stored in chitosan coated butter paper gave considerably extend storage. A similar trend was seen in the package of bakery product (bread). Further, incorporation of chitosan into the dough gave an additional 30 days of shelflife extension.


Chapter 5

This chapter deals with antimicrobial characteristics of chitosan film. Our results conclusively demonstrated the antimicrobial efficiency of chitosan film even at very low concentrations in liquid medium. Although there was lesser diffusion of chitosan on the agar surface, there was no visible microbial growth, which makes it a potential packaging film for use in food preservation. Growth curve of microorganisms showed effectiveness of chitosan film in inhibiting growth of microbes. SEM studies revealed the effectiveness of chitosan film as an antimicrobial agent. A chitosan-based film with a broad spectrum of antimicrobial activity will have a higher potential as food packaging material. 

 	The presentation is finally concluded with a note on the Highlights of Significant Findings from this investigation, followed by Bibliographic listing of the literature referred to in preparing this thesis.
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